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NATIONAL ADVISORI COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

LONGITUDINAL~CONTROL . EFFECTIVENESS AND DOWNWASH

CHARACTERISTICS AT A MACH NUMBER OF 1.24 CF A.§6'-SCALE

SEMISPAN MDDEL OF THE BELL X-5 ATRPLANE AS DETERMINED
BY THE NACA WING-FLOW METHOD o

By Richard H. Sawyer, Robert M. Kennedy,
and Garland J. Morris ©

SUMMARY.

An investigation was made at a Mach number of 1.2L4 by the NACA wing-
flow method to determine the longitudinal-control effectliveness and down-

wash characteristics of a 56-scale semlspan model of the wvarlable-sweep

Bell X-5 airplane with the wing of the model swept back 60°, 50°, and ho°.
Lift, drag, and pitching moments were obtained for varlous angles of
attack for several horizontal tall settings and with tail off for each
angle of sweep of the wing. The Reynolds number was sbout 1 X 10°.

The results of the invesgtigation indicsted that the rate of change
of pitching-moment coefficlent with taill incidence was apparently '
unaffected within the accuracy of measurement by the sweepback of the
wing of the model and had a constant value of about -0.016 per degree
over the range of angle of attack covered (-2° to 6°). The downwash
results computed from the measurements of pitching moment with tail on
and tail off resulted in a value of 0.38 for the average rate of change
of downwash angle with angle of attack for the model with the wing swept
back 60° over the range of angle of attack covered (-2° to 8°). The
rate of change of downwash angle with angle of attack appeared to have
approximately the same value for the model with the wing swept back 50°
and 10° as was determined for the model with the wing swept back 60°.

UNCLASSIFIED:
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INTRODUCTICKN

As part of a program to determine the gerodynamic characteristics
of the proposed Bell X-5 airplane incorporating a wing whose angle cof
gsweep can be varied in flight, an investigation is being made at low
supersonic speeds by the NACA wing-flow method on a 33 -gcale gemispan

model. Results of tests to determine the 1ongitudina1 gtaeblility char-
acteristics of this model wlth the wing swept back 60° have been reported
in reference 1, and results of tests to determine the effect of sweepback
on the longitudlinal stability characteristics of this model have been
reported in reference 2. The present paper give the results of tests
which, when combined with the resulis previously reported, are used to
determine the longitudinsl-control effectiveness and downwash character-
lstics of the model. The resulis presented herein consist of measurements
of 1ift drag, and pitching moment for the model with tall incidences

of 0° and -4° with the wing swept back 60° and a tail incidence of -2°
with the wing swept back 50° and 450°. Measurements were also made for
each sweepback angle with the tailil off. The effective Mach number at

the wing of the model for the tests was about 1.24 and the Reynolds

number was of the order of 1 X 106.
In the interest of making these data available as socon as possible,
they are presented wlth only a limited analysis.

SYMBOLS

b wlng span, inches
c locael wing chord parallel to plane of symmetry, (portion of
wing withln fuselage 1s considered to be formed by

perpendiculars from wing-fuselage lntersectlions to plane
of symmetry), inches

c mean aerodynemic chord of wing, inches; based on the reletionship

b/2

f c2dy
0
b/2

Jr c dy
0

mean eerodynamic chord of tall, inches
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Cp .

CDer—0

Cr,
Cm
cLa
Cmg

D

dCyy
diy

=

FF

drag coefficient (D/gS)

drag coefficlent at zero 1ift

1ift coefficient (L/q8)
pitching-moment coefficient (M/qSc)

rate of change of 1lift coefficient with angle of attack over
linear part of curve

mean rate of change of pltching-moment coefficient with angle
of attack between a =0° and o« =

drag force (resultant force parallel to locel free-stream
velocity), pounds

effectiveness of horizontal tall, per degree

rate of change of downwash with engle of attack at tail of
model .

incidence of horizontal tail (referred to wing-chord plane),
degrees

1ift force (resultant force perpendicular to stream velocity),
pounds

pitching moment, inch-pounds .
local Mach number at wing surface of F-51D airplane
effective Mach number for tsil of model
effective Mach nunmber for wing-of'model

effective & ¢ pressure for wing of model, pounds per square
Poot--(eV=/2)

Reynolds mmber based on mean aerodynamic chbrd c

b/2
model wing area, square feet J/‘ c dy
0
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v velocity, feet per second

y epanwise coordinaste, inches

a angle of attack (referred'to wing-chord plane), degrees
€ effective downwash angle st tall of model, degrees

A sweepback angle referred to 25-percent-chord line

o) mass density, slugs per cubic foot

A prime indicates coefficlents based on dimensions of configuration
with 60°© gweptback wing.

APPARATUS AND TESTS

The tests were made by the NACA wing-flow method in which the model
is mounted in the region of high-speed flow over the wing of a North
American F-51D airplane. The contour of the airplane wing in the test
reglon for the present investigetion was designed to give a Mach number
of 1.25 at a flight Mach number of sbout 0.T1.

The configurations tested snd reported hereln consisted of the

—%;-scale semispan model of the Bell X-5 airplane equipped successively

with a 60° sweptback wing for tail incidences of 0° and -4° and with
wings of 40° and 50o sweepback angles for a tail incidence of -2°.

The model was alsc tested with tail off for each angle of sweep of the
wing. .

A photograph of the semlispan model with an end plate at the fuselage
center line is shown 1n figure 1; photographs of the model equipped with
wings swept back 40° and 500 are shown in figures 2 and 3, respectively.
The geometric characteristice of the model, wings, and horizontal tail
spurfaces are given in table I; other detsils of the model are shown in
figure L. The fuselage of the model waes constructed of mahogany
reinforced with duralumin, and duralumin was used for the wings and
empennage. A duct was included in the fuselage to similat. +o gome
extent the air intake and flow through the Jjet engine of the fuli-scale
alrplane. The airfoll section perpendicular to the unswept 38-percent-
chord line (wing pivot point of the full-scale airplane) is an NACA
6h(10)A011 at the root (through pivot point) and tapers to NAC:

6lt(0g)A008.6 at the tip. The horizontal tail has an NACA 64A0O06 airfoil
section parallel to free stream. The quarter-chord line of the tail wasg
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swept back U5°. The aspect ratios of the 60°, 50°, and 40° wings are
2.18, 2.98, and 3.77, respectively.

The mounting of the model and method of testing were similar to
that described in references 1 and 2. The model was originally designed
and constructed so that the plitching moment would be measured about the
25-percent meaen-aerodynamic-chord position (gross-weight center-of-
gravity position of the full-scale airplane) of the wing in each sweep
position. However, subsequent changes in wing span and fillets caused
the positions about which the pitching moments were measured to
correspond to the 26-, 29-, and 35-percent mean aerodynsmic chord of
the 609, 50°, and 40° wings, respectively.

A typical chordwise Mach number distribution in the test region on-
the airplane wing as determined from static-pressure measurements at
the wing surface with the model removed is indicated in figure 5. From
gtatic-pressure measurements made with a stetic-pressure tube located
at various distances up to 6 inches above the surface of the test
section, the average vertical Mach number gradlent was found to be
0.009 per inch. The effective dynamic pressure for the model wing q,
the effective Mach number for the model wing M, and the effective
Mach number for the model tall Mty were determined from en integration
of the Mach number distributlon over the area covered by the wing and
tail of the model. A more complete dlscussion of the method of
determining the effective Mach number and dynamic pressure for the model
can be found in reference 3. For the present tests, the Mach number for
the wing of the model was between 1.23 and 1.2k, The Reynolds numbers

based on the respective mean aerodynagic chords were sbout 1.1 X 10
49 percent for the 60° wing, 0.9 X 10° 13 percent for the 50° wing, and

0.9 X 106 %19 percent for the 40° wing.
RESULTS AND DISCUSSION

The aerodynamic characteristics are presented for the model with
the various tall settings and with the tail off in Pigure 6 for the
60° sweptback wing, in figure T for the 50° sweptback wing, and in
figure 8 for the 40° sweptback wing. The coefficients of the 60°, 50°,
and 40° sweptback wings are based on their respective dimensions. Data
are shown for both lncreasing and decreasing angles of attack cbtalned
as the model was osclllaeted through a range of angle of attack of
about 15°, the limits varying from -2° or -3° to 12° or 13°, depending
on the configuration. Pitching-moment date were obtained only over a
limited angle-of-attack range for the tests with the tail on because
of limitations in the capacity of the pitching-moment element of the
balance.
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In order to indicate the varlation in aserodynamic cheracteristics
with sweep, as for a variable-sgweep airplane, 1lift, drag, and pltching-
moment coefficients for the 60°, 50°, and 4O° configurations for the
various tail settings and for the taill off, all based on the dimensions
of the 60° wing, are presented in figures 9, 10, and 11, respeciilvely.
The pitching-moment coefficients given in figure 11 refer to the
26-percent mean aerodymamic chord of the 60° wing. Results of tests
made with other tail settings are also shown in figures 9, 10, and 1l
and are reported in references 1 and 2.

Longitudinal stabllity characteristics.- The 1ift and pltching-
moment variations with angle of attack and the drag variation with 1ift
given in figures 9 to 11 for the model configurstions with tail on of
the present tests agreed closely with the results with other tail
gettings previously reported in references 1 and 2. Figure 12 presents
the effect of sweepback angle with tail on and tail off on CLa’ on

CDCL=O’ and on CmQL taken from the results given in figures 9 to 11,

As shown in figure 12, the value of CLc£ with the tall off was reduced

gbout 0.006 from the value with the tall on for all three swéepback
angles of the wing. The value of CDCL-O with the tail off was only

slightly less than with the tail on. The contribution of the tail to
the stabllity amounted to sbout -~0.0l0 in the value of Cma for all

three sweepback angles of the wing.

Longitudinal-control effectiveness.- The effectiveness of the
horizontal tail in producing changes in pitching moment is shown in
figure 13 at several angles of attack for the model with the 60°, 500,
and 40° sweptback wings. All pitching-moment data shown in figure 13
are based on the dimensions of the model with the 60° sweptback wing.
The slope of the varlation of pltching-moment coefficlent with tail

dcys
incidence EEE s regarded as the tall effectiveness parameter, apparently

had a constant value of about -0.016 per degree over the range of anglé
of attack covered in the tests (-2° to 6°) and appeared to be unaffected
within the accuracy of the measurements by sweepback of the wing of the
model.

Downwash at the tall.- The downwash angles shown in Pigure lh were
calculated from the results given in figures 11(a), 11(b)}, and 11(c) on
the basgls that the downwash angle was equal to the sum of the tall
getting and the angle of attack at which the pitching moment for the
particular tail setting was equal to the pitching moment with the tail
off. The absolute magnitude of the effective downwash angle determined
in this manner is subJject to some uncertainty as unpublished results
have indicated that there is a variation of approximately 1° 1in the
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direction of flow over the F-51D wing between the positions occupied by
the wing and the tail of the model. This curvature of flow is believed
to0 be responsible primerily for the downwash angle not belng zero at

the angle of attack for zero 1lift. However, the vaerlatlon of downwash
angle with angle of attack determined by this method should not be
affected by this curvature of flow. The results denoted by the flagged
symbol were taken from unpublished results of tests of the model with a
600 sweptback wing having approximately one<half the stiffness of the

60° sweptback wing of the present tests. Since it was felt that the .
difference in gtiffnegs would not materially affect the downwash character-
istics, these data were used to aid in defining the varlatlion of downwash
angle with angle of attack for the 60° swept wing.

For the model with the 60° swept wing, the rate of change of the
downwash angle with angle of attack appeared to average about 0.38 over
the angle-of-attack renge covered (- 2° to 8° ). Sufficient data were not
obtained with the wings of 40° and 50 sweep to establish adequately the
variation of the downwash angle with angle of attack. However, since

there is little wvariation with sweep'in the contributlon of the tail to
ac
the Cma and gince the value of EI% appeared to be constant with sweep

(see figs. 12 and 13), the rate of change of dowmwash sngle with angle
of attack is grdbably approximately the same for the model with the wing
swept back 50° and L40° as for the model with the wing swept back 60°.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

1
GEOMETRTIC CHARACTERISTICS OF §5-—SCALE SEMTSPAN MODEL OF

BELL X-5 VARTABLE-SWEEP ATRPLANE

Wing dimensions:

AirPoil section (perpendicular to unswept 38-percent-

chord line)

ROOt o ¢ ¢« ¢ ¢ o o« ¢ « ¢ o &

TiPDe o « o o o o o a o o o
Sweepback angle, degrees . . .
Semispan, inches . « « « « &
Mean aerodynamic chord, inches o .
Chord at tip, inches . . . « . . .
Chord at plane of symmetry, inches
Area (semispan), squere inches . .
Aspect ratio . . . & . e o o =
Dihedral (chord plane), degrees. .
Incidence (chord plane), degrees . .

L] L

Horizontal +tall:

Section. « ¢« ¢ ¢ ¢ ¢ o ¢ « o .
Semispan, inches « « . . .

Mean serodynamic chord, inches
Chord at tip, inches . . « . &
Chord at plane of symmetry, inches .
Area (semispan) square inches. . . .
Aspect ratlo . . . . . . e e o .
Height (above wing chord), inches. .

Length

. wl-.FJ‘.F‘l—-'U)U]o Y

coJQELERE

NACA 6k(710)A01L

« « « . . RHACA 6k(08)A008.6
(08) &

From 0.268 of 60° swept wing to O. 25¢4, inches
From 0.29¢ of 50° swept wing to 0.25¢t, inches
From 0.35¢ of 40° swept wing to 0.25Ct, inches

l-l
D W

50
%.60

L]
co®BIEY

3.88
3.6k
1.84
k.o5

1379
2.18

oo
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Flgure 1.- 8ide view of semispan wing-flow model of the Bell X-5 airplane.
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Pigure 2.- Semispan wing-flow model of the Bell X-5 ailrplane with wing
in 40° sweep position.
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Figure 3.- Semispan wing-flow model of the Bell X-5 airplane with wing
in 50° sweep position.
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Figure h.- Detalls of the semlspan model of the Bell X-5 airplane with |
wing in %0°, 50°, and 60° sweep position. All dimensions are in inches.
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Figure 5.- Typical chordwise distribution of Mach rumber along the

surface of test section.

Chordwise location of model also shown.
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(a) 1 =0°.

Figure 6.- Aerodynamic characteristice of gemispan model of Bell X-5
girplane; sweepback angle 60%. M_ = 1.2k,
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Figure 6.- Continued.
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(¢) Horizontal tail off.

Flgure 6,- Concluded.
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Figure T.- Aerodynamlic characteristics of semispan model of Bell X-5
sirplane; sweepback angle 50°. M, = 1.23,
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Figure 8.- Aerodynamic characteristics of semiapan model of Bell X-5
airplane; sweepback angle 40°, M = 1.23.
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Pigure 8.- Concluded.
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(a) A = 6&0°,

Figure 9.~ Variation of lift coefficient with anglé of attack for several
tall settings and wing sweepback angles for the semispan model of the
Bell X-5 airplane. Results from references 1 and 2 also shown.

(Coefficienis based on 60° sweptback-wing dimensious.)
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Figure 9.- Continued.
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lp = —6° from ref 2
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Figure 9.- Concluded.
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(a) A = €0°,

Flgur= 10.~ Varistion of drag ccefficlent with 1ift coefficient for
several tall settings and wing sweepback angles for the semispan
model. of the Bell X-% airplane. Reaults from references 1 and 2
also shown. (Coefficlente based on 60° sweptback-wing dimensions.)
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Figure 1l.- Variation of pitching-moment coefficient with angle of attack
for geveral tail settings and wing sweepback angles for the semispan
model of the Bell X-5 airplane. Results from referehces 1 and 2 also
shown. (Coefficients based on 60° sweptback-wing dimensions.)
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Figure 12.- Effect of sweepback angle with tail on and tall off on rate
of change of 1lift coefficlent with angle of attack, on drag coeffi-

clent at zero 1lift, and on rate of change of pitching-moment coef
cient with angle of attack for the semispan model of the Bell X-5

airplane. (Coefficients based on 60° sweptback-wing dimensions.)
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Figure 13.- Varlation of pitching-moment coefflcient with tail setting
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model of Bell X-5 airplane. (Coefficients based on 60° sweptback-
wing dimensions.) Dashed lines indicate an approximete fairing due
to limited mumber of test points.
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Figure ]:’+..- Variation of downwash angle with angle of attack for
several wing sweepback angles for semispan model of Bell X-5
airplane. ({(Coefficients based on 60° sweptback-wing dimensions.)
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